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157] ABSTRACT

The present invention relates to a process for the selec-
tive preparation of an N-alkyl lactam having minimal
coloration by reacting the corresponding lactone with
an alkyl amine in the presence of a catalytic amount of
an ammonium, alkali metal or alkaline earth metal boro-
hydride.

11 Claims, No Drawings



1
PROCESS FOR THE PREPARATION OF
PURIFIED N-ALKYL LACTAMS

BACKGROUND OF THE INVENTION

N-alkyl lactams are useful in a great number of appli-
cations which include solubilizers and thickening agents
for cosmetics, anti-drip and odor masking agents for
paints, varnishes and the like, and anti-microbial addi-
~ tives for various medicinal and cleansing formulations.
These compounds also have good solvating and com-
plexing properties and are used as coatings or finishing
agents to provide gloss and to improve the texture of
treated substrates. A major drawback to the wide apph-
cation of these chemicals is their coloration which
ranges from a tawny yellow to brown, so that for many
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purposes, primarily in the cosmetic, paint and varnish

arts their use has been restricted.

Accordingly, it is an object of this invention to pro-
vide substantially colorless N-alkyl lactam products.

Another object of this invention is to provide a decol-
orized product which can be produced by economical
and commercially feasible methods.

Still another object is to provide a N-alkyl lactam
product having extended uses and which can be em-
ployed in formulations at higher concentrations without
causing discoloration. |

These and other objects of the invention will become
apparent from the following description and disclosure.

THE INVENTION

According to this invention a primary amine contain-
ing from 1 to 20 carbon atoms is reacted with butyrolac-
tone optionally substituted on a carbon atom with lower
alkyl in a mole ratio of from about 0.75:1 to about 1.25:1

in the presence of a catalytic amount of an ammonium,

alkali metal or alkaline earth metal borohydride at a
temperature of from about 225° C. to about 325° C.in a
closed system. In the above reaction, the alkali metal
borohydride is generally maintained at a concentration
of between about 25 and about 1,000 ppm with respect
to amine. The hydride can be admixed with the reactor
‘feed or can be introduced after the reaction is initiated.
If desired, the product of the reaction can be contacted
under milder conditions with the borohydride salt as a
final processing step.

The above reaction is generally carried out in the
absence. of solvent; although the components can be
diluted up to about 50% with any inert organic solvent,
such as a high boiling aliphatic hydrocarbon, e.g. ISO-
PAR V (sold by Exxon Chemical Corp.), if desired.

The above condensation reaction is allowed to take
place over a period of from about 1 to about 20 hours,
preferably from about 4 to about 8 hours, after which
the reaction is completed. The resulting liquid product
is then cooled, solvent if used is removed, and the re-
. sulting colorless liquid is then recovered as the product
of the process.

Preferred conditions for the present process include a
mole ratio of primary alkyl amine to lactone of between
about 1:1.05 to 1:1.3, a concentration of borohydride
salt with respect to amine of between about 100 and
about 200 ppm and a reaction temperature of from
about 250° C. to about 300° C. |

The lactones of the present process are those having
the formula
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( R:c=c~

wherein R 1s alkylene having 3 carbon atoms which can
be substituted with lower alkyl. .

Examples of lactone reactants include butyrolactone,
3-methyl butyrolactone, 4-butyl-butyrolactone, and
others known in the art. Examples of suitable primary
amines include methyl amine, ethyl amine, butyl amine,
cOco amine, tallow amine, octyl amine, 2-ethyl hexyla-
mine, decyl amine, dodecyl amine, tetradecyl amine,
tolyl amine, etc. and mixtures thereof. Preferred amines
are aliphatic amines having from 8 to 20 carbon atoms.

The borohydride moiety of the borohydride salt com-
ponent employed in the present process can be derived
from a gas, such as diborane (B;Hg), a liquid such as
pentaborane (BsHg) or a crystalline substance such as
decaborane (B1oH14) up to BooH2¢. Examples of suitable
borohydride salts include ammonium borate
(NH4HB40O7-3H20), sodium borohydride (NaBHy),
potassium borohydride (KBH4), etc. Also, mixtures of
the borohydride salts can be employed, if desired. Al-
ternatively, the borohydride salt can be formed in situ
from the metal hydroxide or ammonium hydroxide and
pyroboric acid.

It appears that the metal borohydride salt component
in the above reaction reduces color forming impurities,

some of which may enter the system with the amine
reactant. Such impurities can include metal salts such as

chromium, copper and or cobalt salt residues from the
catalyst employed in the preparation of the amine reac-
tant. It is postulated that the borohydride can addition-
ally form a complex with metal impurities and can act as
a scavenger for metal oxides; thus preventing the forma-
tion of color bodies. The borohydride sait has a unique
decolorizing effect which is not shared by common
decolorizing agents such as peroxides, polyclar, carbon
black and others. In addition, the borohydride mini-
mizes the generation of amine oxidation products some
of which are known to have toxic properties.

Having generally described the invention reference is

now had to the accompanying examples which set forth
preferred embodiments and comparative data but
which are not to be construed as limiting to the scope of
the invention which ts more broadly set forth above and

in the appended claims.

EXAMPLE 1

Into a 5 gallon autoclave is charged 7,752 grams of
cocoamine and 3,595 grams of butyrolactone. The auto-
clave is sealed and heated to 275° C. and held for 8
hours at this temperature during which time 400 psig is
generated by the reaction. The reactor is cooled and the
resulting liquid, N-coco-pyrrolidone is discharged and
analyzed by gas chromatography. The product is ob-
tained in 97% yield and has a color value of 5 on a scale
of 1 to 10, based on the Hellige Comparator Wheel-Var-

nish Color Disk 620C-40 (Institute of Paint and Varnish
Research). |

EXAMPLE 2

Into a 1-liter autoclave is charged 436.6 grams of the
cocoamine reactant used in Example 1, 202.0 grams of |
butyrolactone and 0.06 grams of sodium borohydride.
The autoclave i1s heated to 275° C. and held at that
temperature for 8 hours during which time 400 psig. is
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generated by the reaction. The reactor is then cooled
and the liquid N-coco-pyrrolidone product is dis-
charged and analyzed by gas chromatography. The

product is obtained in 97% yield and registered a color
value of 3 on the Hellige Comparator Wheel.

EXAMPLE 3

Example 2 was repeated except that 150 ppm of so-
dium borohydride is employed based on amine. The
- yield of product was 97% and the liquid registered a
color value of 2 on the Hellige Comparator Wheel.

EXAMPLE 4
Example 2 was repeated except that dodecyl amine

4

with lower alkyl in a mole ratio of from about 0.75:1 to
about 1.25:1 in the presence of a catalytic amount of a
borohydride salt selected from the group of an ammo-
nium, alkali metal and alkaline earth metal salt of a

> borohydride or mixtures thereof to produce the corre-
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was substituted for cocoamine. The yield and color of 15

the liquid N-dodecylpyrrolidone product was compara-
ble to that of Example 2.

EXAMPLE 5

Example 2 was repeated except that tallow amine was
substituted for cocoamine. The yield and color of the
liquid N-tallow pyrrolidone product was comparable to

that of Example 2.

EXAMPLE 6

Example 2 is repeated except that polyclar is substi-
tuted for sodium borohydride. The resulting liquid
product was recovered in 97% vyield; however, the
liquid registered 5 in the color test.

When Example 2 is repeated using other decolorants
as by the post addition of hydrogen peroxide, polyclar,
activated carbon, sodium hypochlorite, sodium hypo-
phosphite or sodium chlorite, all failed to improve the
color of the product.

What is claimed is:

1. The process which comprises reacting a primary
amine containing from 1 to 20 carbon atoms with a
butyrolactone optionally substituted on a carbon atom
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sponding lactam product.

2. The process of claim 1 wherein said borohydride
salt 1s an alkali metal salt.

3. The process of claim 2 wherein said borohydride
salt is NaBH4.

4. The process of claim 1 wherein said primary amine
contains from 8 to 20 carbon atoms and is an aliphatic
amine.

5. The process of claim 4 wherein said amine is cocoa-
mine, the lactone is butyrolactone and the lactam is
N-coco-pyrrolidone.

6. The process of claim 4 wherein said amine is tallow
amine, the lactone is butyrolactone and the lactam is
N-tallow-pyrrolidone.

7. The process of claim 1 wherein the concentration
of borohydride salt with respect to lactone is between

about 25 and about 1,000 ppm.

8. The process of claim 7 wherein the ratio of primary
amine to lactone is between about 1:1.05 and about

1:1.3, and the borohydride salt is introduced with reac-
tant feed in a concentration of between about 100 and
about 200 ppm with respect to amine.

9. The process of claim 1 wherein the lactam product
1s contacted with between about 25 and about 1,000
ppm of said borohydride salt at ambient temperature
and pressure.

10. The product of the process of claim 1 having a
Hellige Comparator Wheel color value less than 5.

11. The N-alkyl-pyrrolidone product of claim 1 hav-
ing a Hellige Comparator Wheel color value of 3 or

less.
x & x * *x
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